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suitable for printing. The errors together with the exact page and line number where the errors

are shown correctly in the application file are as follows:

SPECIFICATION:

1 . Column 1, line 19, delete "However, as". This appears correctly in the redlined

version of the Substitute Specifications as filed on February 2, 2004, on page 1 , line 21 . It is

noted that the clean version of the Substitute Specifications, filed on the same date, inadvertently

failed to indicate this deletion.

2 Column 1, lines 38-56, delete "A temporary support fixture provides support and

stability to a thin lead fi-ame panel having the fine geometries required for high-density IC chip

interfaces. An embodiment of the support fixture includes an adhesive pad made of one-sided

sticky tape mounted to a rigid fi-ame made of stainless steel, the rigid fi"ame maintaining the
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adhesive pad in a fixed configuration providing a stable flat surface for support of the lead frame

panel. Alternatively, the rigid fi*ame and adhesive pad can be made of any materials compatible

with the IC package manufacturing process and capable of supporting the lead fi-ame panel

through the manufacturing process. The adhesive pad can also be patterned to ease the

manufacturing process. The rigid fi-ame can include positioning features to assist in the

alignment of the lead frame and adhesive pad. If encapsulant material is to be dispensed over the

lead fi-ame panel, a containment dam can be formed around the lead fi"ame after it is installed on

the adhesive pad, to provide a boundary for encapsulant material flow". This appears correctly

in the redlined version of the Substitute Specification as filed on February 2, 2004, on page 2,

lines 4-16. It is noted that the clean version of the Substitute Specifications, filed on the same

date, inadvertently failed to indicate this deletion.

3. Column 2, line 17, delete "typical". This appears correctly in the redlined version

of the Substitute Specifications as filed on February 2, 2004, on page 3, line 5. It is noted that

the clean version of the Substitute Specifications, filed on the same date, inadvertently failed to

indicate this deletion.

4. Column 2, line 18, change "ne embodiment" to —one embodiment—. This

appears correctly in the Substitute Specifications as filed on February 2, 2004, on page 3, line 6.

5. Column 3, line 49, change "panel 10" to —panel 1 10—. This appears correctly in

the patent application as filed on July 25, 2000, on page 6, line 2.

CLAIMS:

1 . In line 2 of claim 14 (column 6, line 30) change "multiplicity ay of to

—multiplicity of—. This appears correctly in Amendment E as filed on February 2, 2004, on

page 5, paragraph 4, line 2, as claim 26.

2. In line 3 of claim 16 (colunm 6, line 54) change "that substantially" to —that are

substantially—. This appears correctly in Amendment E as filed on February 2, 2004, on page 5,

paragraph 6, line 2, as claim 28.
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BACKGROUND INFORMATION

10 Field of the Invention

The present invention relates to integrated circuit packages, and more

specifically, to the production of a chip scale integrated circuit package using a lead

frame.

15

Related Art

The use of a lead frame provides an inexpensive means for IC package

manufacturing. Etching or stamping a sheet of thin metal to produce the desired lead

frame patterns is a well-known manufacturing process, and is conducive to high-

20 volume, low-cost production. In addition, the lead frame panel provides a support

framework for the IC chips during IC package assembly. However, as Figs, ld-1

through ld-3 show examples of common IC packages using lead frames. Fig, ld-1

shows a small outline package fSOP") 191. Figure ld-2 shows a pin-through hole

(PTH) package 192. Figure ld-3 shows a plastic leaded chip carrier (PLCC) 193.

25 As IC chip device densities increase and IC package sizes decrease, the

geometries used in the electrical commimication paths between the IC chip and the

PCB decrease. For example, a chip scale package requires that the protective casing

be no more than 20% larger than the IC chip. As a result, the area available for the

electrical paths provided by the lead frame is significantly reduced, demanding much

30 finer lead frame patterns. In order to construct that finer geometry, the lead frame

thiolcneso must be reduced to a point where the lead frame panel rigidity would no

longer be aufficient to provide the neoessary support during the IC package asoombly

process. Also, the fragile load frame patterns would bo more susceptible to damage

during the manufacturing process. As a result, chip scale IC packages must use more

35 costly tochniquos such as tape automated bonding (TAB) or printed substrate backing.

Accordingly, it is desirable to provide an IC packaging method that allows the use of

a lead frame in a chip scale package.
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SUMMARY OF THE P4VENTION

The present invention provides a method for producing chip scale IC packages

using lead frames. A tompomiy support fixturo provides support and otability to a

5 thin load fromo ponol having tho fine goomotrioB required for high density IC chip

intorfaooo. An ombodimont of the support fixturo inoludos an adhesive pad made of

ono sided stiolcy tape moimted to a rigid framo made of stainless steel, the rigid frame

maintaining tho adhesive pad in a fixed configuration providing a stable flat surface

for support of the lead frame panel. Altomativoly, the rigid frame and adhesive pad

10 can be made of any materials compatible with tho IC package manufacturing process

and capable of supporting the lead fitrnie panel through the manufacturing process.

Tho adhesive pad oan also bo patterned to oaso tho manufacturing process. Tho rigid

frame can include positioning features to aooiat in tho alignmont of the lead frame and

adhosivo pad. If onoapsulant material is to bo dispensed over tho load fmme panel, a

15 containment dam can bo formed aroimd tho load frame after it is installed on the

adhosivo pad, to provide a boundary for onoapsulant material flow. In one aspect of

the invention, a lead frame panel suitable for use in packaging an array of integrated

circuits is described. The lead frame panel includes a matrix of tie bars that extend in

substantially perpendicular rows and columns to define a two dimensional array of

20 immediately adiacent device areas separated only bv the tie bars. Each device area is

suitable for use in an independent integrated circuit package and includes a die attach

pad and a plurality of conductive contacts.

In another aspect of the invention, a panel assembly suitable for use in

25 simultaneously packaging a multiplicity of integrated circuits is described. The panel

assembly includes a lead frame panel formed from a conductive sheet. The lead

fi^me panel is patterned to define at least one two dimensional array of adiacent

device areas. Each device area is suitable for use as part of an independent integrated

circuit package and including a die and a plurality of contacts positioned around and

30 electrically connected to the die. A molded cap is also provided that substantially

uniformly covers a two dimensional array of adiacent device areas while leaving

bottom surfaces of the conductive contacts exposed to facilitate electrical connection

to external components. The encapsulation material that forms the molded cap is
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exposed at a bottom surface of the panel of integrated circuits to physically isolate the

contacts.

BRIEF DESCRIPTION OF THE DRAWINGS

5 Fig. la shows a representation of a typical lead frame panel in accordance with

one embodiment of the present invention:

Fig, lb shows [a] the lead frame panel of Fig, la populated with IC chips;

Figs, lc-1 and lc-2 shows show bottom and cross sectional views of a single

leadfi-ame BGA IC package in accordance with another embodiment of the present

10 invention:

Figs, l d-1 through ld-3 show shows examples ofcommon IC packages;

Fig. 2a shows an embodiment of a rigid support fixture;

Fig. 2b shows a lead frame panel mounted on an embodiment of a support

fixture;

15 Figs. 3a and 3b show a flow diagram of a manufacturing process using a

temporary support fixture.

Use of the same reference number in different figures indicates similar or Hke

elements.

20 DETAILED DESCRIPTION

Generally, an integrated circuit (IC) package encapsulates an IC chip, or die,

in a protective casing and also provides power and signal distribution between the IC

chip and an external printed circuit board (PCB). A metal lead frame can be used to

provide the electrical paths for that distribution. A lead frame panel suitable for use in

25 accordance with the present invention is illustrated in Fig. la. For production

purposes, a lead frame panel 110 made up of multiple lead frames 120 is etched or

stamped from a thin sheet of metal, as shown in Fig. la. An IC chip 130 is then

mounted and wire bonded to each lead frame 120, as shown in Fig. lb. Wire bonding

is typically performed using fine gold wires 140. As illustrated in Fig. Ic, each IC

30 chip 130 is then encapsulated in a protective casing 160 which may be formed by

dispensing and molding a layer of encapsulant material over all IC chips 130. Next

lead frames 120 are cut apart, or singulated to produce individual IC packages 190.
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surface of frame 210 and provide an adhesive surface
for mounting of lead frame panel 110, without requiring
additional attachment materials or components. Pad 220
can also be patterned by removing selected portions in
order to facilitate subsequent assembly operations such
as electrical interconnection formation. Removal of
pad 220 once packaging is complete can be performed in
various ways, depending on the nature of the adhesive
material used. A light adhesive material may allow pad
220 to simply be peeled away from frame 110, An
alternative bonding agent requires exposure to UV light
before removal of pad 220 can take place.

Figs. 3a and 3b show a graphical flow chart
illustrating a method for manufacturing a lead frame
BGA package using an embodiment of the present
invention. The manufacturing process is described in
conjunction with the elements described in Figs. 2a-2c.
In a step 310 in Fig. 3a, adhesive pad 220 is applied
to rigid frame 210 to create support fixture 200, Lead
frame panel 110 is then mounted on pad 220 in a step
320. An optional step 330 allows encapsulant dam 240
to be applied around the border of lead frame panel 110
if subsequent encapsulant material dispensing is to be
performed. Next, an IC chip 130 is mounted and wire
bonded onto each of the lead frames 120 of lead frame
panel 110. Continuing the process in Fig. 3b, a step
350 involves dispensing a portion of encapsulant
material 170 into the area defined by dam 240 to cover
IC chips 13 0, and then curing material 170 to a desired
hardness. In a step 360, pad 220 is removed from lead
frame panel 110, Next, in a step 370, a wafer saw
operation is performed to singulate lead frame panel
110 into individual IC packages. The singulation
process converts the layer of hardened encapsulant
material 170 into individual protective casings 160.
Finally, in a step 380, solder balls 150 are applied to



G

23. (Previously Presented) A packaged integrated circuit formed by singulating the panel

assembly recited in claim 22, wherein the conductive contacts in the packaged integrated circuit

do not extend beyond the edge of the encapsulation material in the packaged integrated circuit

and the die attach pad in the packaged integrated circuit is exposed.

24. (Previously Presented) A packaged integrated circuit as recited in claim 23 wherein the

conductive contacts and the die attach pad are substantially the same thickness.

25. (Previously Presented) A panel assembly as recited in claim 22 further comprising an

adhesive tape adhered to a bottom surface of the lead frame panel, whereby the adhesive tape

serves to keep the exposed surface of the exposed encapsulation material substantially co-planar

with the bottom surfaces of the contacts and die attach pads.

26. (Currently Amended) A panel assembly suitable for use in packaging a multiplicitv aa

array of integrated circuits simultaneously, the panel assembly having top and bottom surfaces

and comprising:

a lead frame panel formed from a conductive sheet, the lead frame panel being patterned

to define at least one two dimensional array of adjacent device areas, each device area being

suitable for use as part of an independent integrated circuit package and including a die and a

plurality of contacts positioned around and electrically connected to the die; and

a molded cap that substantially imiformly covers the two dimensional array of adjacent

device areas while leaving bottom siufaces of the conductive contacts exposed to facilitate

electrical coimection to external components, wherein encapsulation material that forms the

molded cap is exposed at a bottom surface of the panel of integrated circuits to physically isolate

the contacts.

27. (Previously Presented) A panel assembly as recited in claim 26 wherein:

each device area in the lead frame panel ftirther includes a die attach pad; and

bottom surfaces of the die attach pads are also exposed.

28. (Currently Amended) A panel assembly as recited in claim 27 wherein the die attach

pads and 7 the conductive contacts each have upper and lower surfaces that and tho tie bars are all

substantially co-planar.
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CERTIFICATE OF CORRECTION
PATENT NO. : 6.888.228 B1

DATED : May 3, 2005

INVENTOR(S) : Mostafazadeh et al.

It is certified that error appears in the above-identified patent and that said Letters Patent

are hereby corrected as shown below:

In the Specifications:

Column 1, line 19, delete "However, as".

Column 1 , lines 38-56, delete "A temporary support fixture provides support and stability to a thin

lead frame panel having the fine geometries required for high-density 10 chip interfaces. An
embodiment of the support fixture includes an adhesive pad made of one-sided sticky tape

mounted to a rigid frame made of stainless steel, the rigid frame maintaining the adhesive pad in a

fixed configuration providing a stable flat surface for support of the lead frame panel. Alternatively,

the rigid frame and adhesive pad can be made of any materials compatible with the IC package
manufacturing process and capable of supporting the lead frame panel through the manufacturing

process. The adhesive pad can also be patterned to ease the manufacturing process. The rigid

frame can include positioning features to assist in the alignment of the lead frame and adhesive

pad. If encapsulant material is to be dispensed over the lead frame panel, a containment dam can

be formed around the lead frame after it is installed on the adhesive pad, to provide a boundary for

encapsulant material flow".

Column 2. line 17, delete "typical".

Column 2, line 18, change "ne embodiment" to —one embodiment--.

Column 3, line 49, change "panel 10" to -panel 110--.

In the Claims:

In line 2 of claim 14 (column 6, line 30) change "multiplicity ay of to —multiplicity of--.

In line 3 of claim 16 (column 6, line 54) change "that substantially" to -that are substantially-
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